We are fortunate to be experiencing an explosive growth and advancement in the Internet and the World Wide Web (WWW). In 1999, the global online population was estimated to be 250 million WWW users worldwide, while the "/images/spacer_white.gif"number of pages on the Web was estimated at 800 million (http://www.internetindicators.com/facts.html). The bright side of this kind of growth is that information is available to almost anyone with access to a computer and a phone line. However, the dark side of this explosion is that we are now squarely in the midst of the "Age of Information Overload"!!!
agents are: autonomy, adaptability, mobility, and communication ability. To deal with complex real world problems, it is desirable to have different type of agents specializing in different types of tasks to collaborate with others to solve a problem. Given the number of sources of information on the web, using a network of collaborating agents is bound to ease the task of information discovery and retrieval and therefore appears to be very promising.
The Virtual Enterprise Model of collaborating agents (see Figure 1 ) uses software agents of three different kinds -demand, supply, and broker agents who interact with each other to supply answers to users. Such systems are also known as Multi-agent systems. Demand agents interact with end-users to determine their background and understand their information needs. Supply agents understand specific sources of information and advertise their "information wares". Broker agents interact with demand and supply agents to match the needs of end-users with what is available. For the virtual enterprise model to be successfully deployed, it is essential for the agents to understand and communicate with each other. This requires a common ontology that the agents can use to facilitate interaction. An ontology is a set of terms or vocabulary that describes a subject area. It includes a description of how the terms are related to each other. A number of systems based on the virtual enterprise model are currently being designed and tested to handle the " i n f o r m a t i o n overload" problem. analysis reports and company earnings reports. The agents also continuously filter incoming news flashes to alert users about events that may affect his portfolio. While such systems exist as prototypes, I believe a number of key research challenges need to be addressed to make them truly useful in the real world . These include: 1. Semantic Heterogeneity: As stated earlier, there is a staggering number of sources of information available on the web. Most of these are textual or unstructured sources. The semantic heterogeneity problem has been addressed successfully in the context of structured data sources such as relational or object relational databases. However, the web poses a new problem. We need solutions to automatically detect and resolve semantic heterogeneity in an unstructured environment. Mediators (a type of broker agent) may be one way to tackle this challenge.
Support for Dynamic Evolution of Information Sources: A major
problem with the Web is that it is continuously evolving i.e. new information sources are being added and existing ones removed. This evolution is exacerbated by the problem of the sources themselves changing over time.
A comprehensive set of techniques to keep track of information sources and their changes (via brokers or supply agents) needs to be developed.
Scalability and Performance:
The web presents an unprecedented scale because of its sheer size and number of sources. For a multi-agent system to be effective in light of this large scale, we need to address important questions such as: (a) How many types of collaborating agents are necessary? (b) How many instances of each type of agent will be necessary to provide quick responses? (c) How do we minimize the amount of communication to provide adequate response times to users? 4. Generalization across application domains: Current prototype multiagent systems are built to address specific domains such as financial portfolio analysis, and technology tracking. However, it remains to be seen how these systems can be adapted and reused for application domains other than the ones for which they were originally designed.
In conclusion, I believe collaborative multi-agent systems are a very promising approach for managing the information overload problem. However, given the rate of the WWW, we have to move beyond our current dominant web interaction paradigm of "direct manipulation" to "indirect management" of the WWW. Multi-agent systems provide us with the capability to make this transition, provided we can tackle the challenges presented in this article. I exhort the information systems research community to respond to these challenges and help eradicate the information overload problem.
